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Incident reports are intended to help identify problems in safety critical systems and aid in preventing 
subsequent accidents, thus improving safety. Unfortunately, incident-reporting forms are generally 
unstructured, providing little guidance to the reporter on how to describe the critical events of an incident. 
As a result, most reports contain information on what happened, as opposed to why an incident happened, 
and hence make the identification of intervention and prevention strategies onerous. The purpose of the 
present study was to help remedy this situation by developing and testing a tool, coined the Critical Event 
Recall Tool (CERT) for improving the quality of information contained in narrative reports of incidents. 
Results of this study indicate that CERT improved the analytical content of general aviation pilots’ reports 
of a critical incident that occurred during a simulated cross-country flight and that pilots who used CERT 
generally felt that the tool was easy to use and understand.  

INTRODUCTION 

Incident reports aid in identifying problems within a 
system before accidents occur. As noted by Heinrich (1959), 
incidents are precursors to accidents, consisting in orders of 
magnitude significantly higher than accidents. Incidents 
indicate the presence of problems in systems that if left 
unresolved, have the potential to result in an accident. For this 
reason, incident reporting has long been utilized in the 
aviation realm as a learning tool for proactively analyzing and 
treating unsafe conditions and actions before they become 
accidents, subsequently improving safety. The most widely 
known incident reporting system in aviation is the National 
Aeronautical and Space Administration’s (NASA) Aviation 
Safety Reporting System (ASRS). Anonymous incident 
reporting systems, such as the ASRS, are crucial to accident 
prevention, as noted by Connell (1999) because incident 
reports often provide information about safety hazards that is 
frequently lost or not obtained from post-accident 
investigation due to crewmember fatality. 

Unfortunately, most incident reporting systems do 
not gather rich enough event data to understand the reasons 
why an unsafe event occurred. In fact, the narrative portion of 
most incident reporting forms are free-format essays that 
provide little guidance to the reporter on how to describe the 
critical events of an incident. As a result, most reports contain 
information on what happened, as opposed to why an incident 
happened. Consequently, identifying effective intervention 
strategies is often onerous.  

To help remedy this situation, a tool for improving 
the type of information reported within the narrative portion of 
incident reports has recently been developed. This tool, coined 
the Critical Event Reporting Tool (CERT), draws upon 
previous work in critical incident reporting techniques (Klein 
et al., 1989; Militello & Hutton, 1998) and schematic 
organizers (Wiegmann, D, et al, 1992; Wiegmann, N, 1992) to 
help generate higher quality information from incident reports. 
Specifically, CERT functions as a pre-organizer that reporters 

can use for recalling event-related information prior to writing 
an essay. In particular, CERT was designed to encourage users 
to think of why an incident happened and the factors that 
affected their actions during an incident, in addition to 
describing the equally important what events that occurred 
during an incident. 

Information Recall 

As chronicled by Ericsson and Simon (1980), the 
process of recalling an event is limited by the capacity of 
Short Term Memory (STM), where only the most recently 
attended-to information is directly reachable. A portion of the 
contents of STM, however, is often instantiated in Long Term 
Memory (LTM) before it is lost from STM. It is this portion 
that can, at a later date, be retrieved from LTM. According to 
Tversky and Kahneman (1973) who investigated the 
transitional process from event to retrospective description, 
events that are readily recalled are judged to be representative 
and frequent, yet lead to large errors in estimation. 

The type of information recalled may also be a 
function of one’s expertise or experience with a given task. 
For example, Hall, Gott and Pokomy (1995) noted that experts 
are able to describe intricate aspects of their problem solving 
procedures, yet sometimes provide limited insight into the 
principles employed, failing to establish the relationship 
between their domain knowledge and the strategies used to 
solve the problems. Presumably, experts possess elaborate 
cognitive schemas of the domain, which improve problem 
solving yet make their knowledge more implicit than explicit. 
Novices, on the other hand, tend to report what is immediately 
available to their awareness. When pressed for an explanation, 
novices generate random reasoning. Given their lack of 
understanding of the domain, novices are unable to think in 
terms of configuring effective plans for efficient analysis.   

Knowledge Elicitation 



The process of how to best elicit knowledge is 
multifaceted and must be strategically organized to acquire the 
intricate knowledge structures of experts, while at the same 
time, eliciting thorough procedural explanations from novices. 
Diaper (1989) outlines a systematic elicitation process in 
which the elicitor devises a system that ensures all the relevant 
material is identified and gathered regardless of expertise. One 
such method is careful goal decomposition, in which the 
solving of a problem is broken down into subgoals or subtasks 
until they can be discussed in some detail that shows the 
interrelation of the higher and lower level corollaries of the 
problem. 

Cognitive Task Analysis (CTA) is another method 
developed to elicit an operator’s strategies and decisions by 
analyzing the various steps involved in an operator’s task 
performance. One such CTA technique is the Critical Decision 
Method (CDM; Klein, 1993) in which an interviewer uses 
cognitive probes to understand the processes underlying 
decisions made by an interviewee when describing a non-
routine event. Cognitive probes provide a means to focus on 
key decisions, cues, and options used during a critical event. 
This allows the interviewer to uncover a variety of aspects of 
the operator’s decision processes, including why certain 
choices were made at key points in the event, as opposed to 
other courses of action, what aided the decision process and 
what might have been done had the scenario been different. 
CDM also delineates the differences between novice and 
expert performance of a task by noting the cues and inferences 
experts might make when performing a task and comparing 
these strategies to those of novices. Organizing an expert’s 
representation of how he or she relates to a complex system 
allows interventions to be developed that facilitate 
performance and safety.  

A variety of other knowledge elicitation techniques 
also exist, including cognitive interviewing (Loftus et al., 
1989; Geiselman & Fisher, 1989; Memon & Bull, 1991), 
critical incident reporting techniques (Kirwan & Ainsworth, 
1992; Flanagan, 1954), and even hypnosis (Hiland & 
Dzieszkowski, 1984). However, all of these require one-on-
one interviews conducted by “knowledge extraction” experts 
and often require a considerable amount of time to employ. 
Consequently, none are suitable for incident reporting within 
aviation, given that incidents are not generally investigated 
and interviewing all aircrew involved in incidents would be 
too costly and logistically infeasible given the large number of 
incidents that occur. Incident information in the aviation 
domain is generated using handwritten forms that pilots 
complete on their own. 

Schematic Maps 

One possible tool for improving the information 
recalled in aviation incident reports is a schematic map. 
Schematic maps use nodes (boxes) and links to spatially 
represent experts’ mental model of a domain or process 
(Dansereau, 1978; Brooks & Dansereau, 1983). Through 
visual representation, schematic maps depict the system’s 
main components and interrelationships, as well as the causes 

and consequences that various inputs have on system 
performance. Users of these maps fill in the boxes with the 
details of a particular event as a means for facilitating recall 
and understanding the factors that influenced their behavior.  

Potentially, schematic organizers could be employed 
as a knowledge elicitation tool for pilots to use prior to writing 
an incident narrative. Since schematic maps represent expert 
models of the domain and provide a form that pilots can 
complete by themselves, schematic maps essentially eliminate 
the need for a one-on-one interview by an expert. As such, 
schematic maps have the potential for wide spread application 
within the aviation industry not afforded by traditional 
knowledge elicitation methodologies. 

Critical Event Reporting Tool 

The Critical Event Reporting Tool (CERT, see Figure 
1) has been developed to improve the type of information 
reported within the narrative portion of aviation incident 
reports. Potentially, CERT provides a structure that prompts or 
cues the recall of important event information. In addition, the 
spatial layout of the form may help highlight the 
interrelationships among factors and the consequences of 
operator actions in response to the critical event. Empty boxes 
within the organizer may also provide feedback to the users 
with respect to gaps in their recollection or description of the 
incident. Finally, the generic structure the CERT may prove 
beneficial in its application across incidents or domains.  

Nonetheless, such a framework as CERT may also 
have potential drawbacks for users. For example, this type of 
schematic organizer may be too inflexible to capture all of the 
information that users need to report. In addition, the static 
nature of the CERT form may stagnate the reporting of 
dynamic, iterative events that often occur in the aviation 
domain. Finally, the complexity of the form or its “busyness” 
may also prove too complex or difficult for novice users to 
employ effectively. 

METHOD 

The purpose of this study was to empirically evaluate 
CERT in order to assess its potential strengths and weaknesses 
as a pre-organizer for event reporting. Specifically, general 
aviation pilots (n = 34) were exposed to identical mechanical 
failures during a simulated cross-country flight and were then 
asked to complete an ASRS-type report of the event. Half of 
the pilots (CERT group, n = 17) received a brief description 
and blank copy of CERT which they were allowed to study for 
5 min. They were then provided a completed example of 
CERT mapped to a fictitious automobile accident (5 min). 
Next they read an example essay/incident report which 
corresponded to the same automobile accident (5 min). The 
other half of the pilots (Control group, n = 17) completed a 
short distracter task (10 min) that involved reading about the 
ASRS system. They were then provided the essay report of the 
fictitious automobile accident and allowed to study it for 5 
min. Pilots in both groups then began the task of incident 
reporting to describe the events they had experienced during 
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recall after a 15 min delay.  Pilots in the CERT group were essay, whereas pilots in the control group wrote the essay 
External Factors that Influence the Pattern 

On what did you base your course of action? 
(•Knowledge •Goals •Emotional State •Stress •Motivation) 

Personal Factors that Influence the Pattern 

How hard/easy was it to carry out your plan? 
(•Task difficulty/criticality •Sources of Error 

• Standard Procedures • Concurrent Tasks • Equipment) 

Was there anything that affected your 
successful performance? 

(•Feedback •Hazards •Aids) 

Were you prepared to carry out the course 
of action? 

Training Experience Attention Memory) 

What would someone with more or less 
experience have done to help harm? 

Actions 
Describe what you did to achieve your plan. 

Did your course of action fit the 
plan well? 

What  factors were involved with 
your diagnosis of the situation? 
(•Cues •Workload  •Aids •Distractions) 

What factors affected your decision plan? 
(•Information •Emergency Procedures • Incentives 

•Time/Pressure) 

Were there personal factors affecting 
your assessment of the situation? 

(•Experience•Perception•Stress•Attention•Health) 

What was your plan to
 solve the problem? 

Were there other courses of action that
 you considered? 

What else, if anything, did you 
think could be happening? 

Situation Assessm ent 
Describe what was happening. 

How did you recognize & diagnose a problem? 

What were the direct 
consequences of your actions? 

Good 

Bad 

the simulated flight. Hence, both groups began the process of 

Figure 1.  The Critical Event Recall Tool (CERT). 

only.  Pilots in both groups were given as much time as 
needed to complete the essays. Following completion of the 
essay, pilots in both groups were asked to rate the content and 
format of their essays using a set of eleven 7-point Likert scale 
questions.  The CERT group was administered an extra 
questionnaire that asked them to rate CERT in terms of its 
format and effectiveness as a pre-organizer using a set of 
eleven 7-point Likert scale questions.  

RESULTS 

Subjective Evaluations of CERT 

All evaluations of the CERT were above neutral 
using the 7-point Likert scale format (with higher scores 
reflecting ratings that are more positive). In general, pilots in 
the CERT group felt that the CERT form aided them in their 
recall of the incident (M = 4.65, SD = 1.22) t(16) = 2.18, 
p<.05, and was flexible enough to adapt to their specific 
requirements (M = 4.9, SD = 1.41), t(16) = 2.58, p<.05. They 
also found the form helpful in highlighting where important 
information may have been left out when recalling the event 
(M = 5.12, SD = .86), t(16) = 5.37, p<.01, and generally felt it 
had adequate size and space for writing in the boxes (M = 5.4, 

given 15 minutes to complete the form prior to writing the 

SD = 1.94), t(16) = 3.0, p<.01. In addition, they felt that the 
form was not too technical to understand (M = 6.0, SD = 1.22), 
t(16) = 6.73, p<.01, nor too generic to meet their needs (M = 
5.6, SD = 1.3), t(16) = 5.13, p<.01. 

Subjective Evaluations of Essays 

Pilots in both groups rated the content and quality of 
their essays using a set of eleven, 7-point Likert scale 
questions, with higher scores reflecting more positive ratings. 
These items were analyzed using a logistic regression 
procedure in which treatment group (CERT vs. Control) was 
the dependent variable and responses on the questionnaire 
items were the predictor variables. The results of this analysis 
revealed a significant logistic regression function (X2 = 11.83, 
p < .003). In particular, two questionnaire items combined to 
significantly discriminate between groups. One item pertained 
to pilots’ impressions of how well they felt their essays 
described what happen during the incident, whereas the 
second item pertained to the impressions of how well their 
essays described why the events happened. As seen in Figure 
2, pilots in the control group (essay only) felt that they were 
better at relaying to the reader a sense of what happened 
during the incident as opposed to those who used the CERT. 



In contrast, pilots who used the CERT felt they were better at 	 those who wrote the essay only. 
relaying why they performed the way they did, as opposed to 
Figure 2. Subjective evaluations of essay performance. 	 incident; was deemed flexible; and was viewed as being 

helpful in highlighting where important information may have 
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Objective Evaluations of Essays 

Quantitative Analysis. The amount of time to 
complete the essays for pilots in the CERT group (M = 15.82 
min., SD = 4.17) did not differ significantly from completion 
times of pilots in the control group (M = 15.41 min., SD = 
6.12). There was also no significant difference in the number 
of words used to write the essay; the control group with a 
mean of 284 (SD = 98.74) words per essay, and the CERT 
group with a mean of 276 (SD = 88.14) words per essay. 

Qualitative Analysis.  The content of pilots’ essays 
was further analyzed by categorizing statements into one of 
three broad categories, including what happened (i.e., 
descriptive statements), why something happened (i.e., 
analytical statements), and context statements (i.e., framing 
statements).  These scores were then analyzed using a logistic 
regression procedure in which treatment group (CERT vs. 
Control) was the dependent variable and statement type was 
the predictor variable. The results of this analysis revealed a 
significant logistic regression function (X2 = 4.674, p = .031, 
df=1). In particular, only one statement type significantly 
discriminated between groups. Specifically, analytical, or why, 
statements constituted a larger percentage of participant’s 
essays in the CERT group (M = 20%) than in the control 
group (M = 13%). 

DISCUSSION 

The Critical Event Recall Tool (CERT) appears to 
have notable potential as an aid in critical incident reporting. 
Pilots’ evaluations of the value and utility of CERT was 
overall very positive. CERT was judged to aid the recall of the 

been left out in recollection of the event. In addition, the 
CERT was not seen as being too confusing or restrictive in 
nature, nor did the pilots who participated in this study view it 
as being too generic to fit the event experience.  

Subjective evaluations of the essays revealed that the 
control group felt as though they had included more 
descriptive content in their essays than did the CERT group. In 
contrast, however, pilots who used CERT reported feeling that 
the schematic organizer improved the analytic content of their 
essays. Objective content analysis confirmed that these 
evaluations by the participants were generally correct. In 
particular, pilots who used the CERT did, on average, have 
more analytical statements about why things had occurred 
during the incident. However, it should also be noted that, 
contrary to subjective estimates, it did not appear that the 
control group included more descriptive statements in their 
accounts than the CERT group. 

The results of the present study corroborate previous 
findings that free-format reporting generally results in essays 
that focus primarily on what happened rather than why an 
event occurred. The use of a theoretically based tool, such as 
CERT, in addition to free format reporting (as with the ASRS 
system) can be used to improve the analytical content of these 
reports without sacrificing the essential specifics of what 
happened also. It should be noted that participants in this study 
received only brief training on how to use CERT and were 
only allowed to use the tool for a maximum of 15 min prior to 
writing their essays. This procedure was implemented in order 
to address issues related to the real-world application of the 
tool, which would generally be constrained by pilots’ 
willingness to spend time preparing to write the report. 
Additional research is needed, however, to explore the 
applicability of CERT to other types of events and situations 
within the aviation domain. 
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